ABSTRACT: An antigen-capture enzyme-linked immunosorbent assay (ELISA) was developed to detect and measure isometamidium chloride in the plasma of Oncorhynchus tshawytscha and 0. mykiss. Isometamidium-ovalbunlin conjugate and anti-isometamidium antibodies were used to coat polystyrene plates. The peroxidase saturation technique was used to optirnize the coating antigen concentration; it demonstrated low affinity of the isometamidium-ovalbumin conjugate but high affinity of the anti-isometamidium antibodies for polystyrene surface sites. The optimal conditions of antiisometamidium antibodies to coat plates was at pH 7.3 and a 1:1000 dilution (0.0012 mg ml-' protein). The ELISA was sensitive as it detected 0.0006 mg ml-' of isometamidium in fish plasma. Isometamidium diluted with sallne could not be detected at concentrations less than 0.05 mg ml-I . The results indicate that this ELISA is much more sensitive when isometamidium is bound to plasma than unbound isometamidium in saline.
INTRODUCTION
Cryptobia salmositica causes morbidity and mortality in the economically important Oncorhynchus spp. (Woo & Poynton 1995) . Ardelli & Woo (unpubl.) showed that an intramuscular injection of 1.0 mg kg-' of isometamidium was effective against C. salmositica in juvenile and adult chinook salmon 0. tshawytscha and rainbow trout 0. mykiss. There was a significant drop in parasitaemia 2 wk after drug treatment; all treated juvenile chinook salmon survived while 100% of untreated fish died from cryptobiosis.
A competitive enzyme-linked immunosorbent assay (ELISA) was described to measure isometamidium in the sera of cattle treated for trypanosomiasis (Whitelaw et al. 1991) . This assay required only 5 p1 of test serum and was sensitive to a level of 0.5 pg ml-l. A modification of this assay was developed (Eisler et al. 1993 ) which utilized a liquid-phase isometamidium competing with a solid-phase bound isometamidium-protein conjugate for biotinylated sheep anti-isometamidium IgG. 'Corresponding author. E-mail: pwoo@uoguelph.ca These assays were developed for use in mammalian systems and our preliminary data indicate that they did not produce consistent results with our piscine system. This study describes an antigen capture ELISA for use with piscine systems.
MATERIALS AND METHODS
Preparation of antigen. Isometamidium chloride (Rh6ne Merieux, Lyon, France) was conjugated to porcine thyroglobulin using a diazotization reaction. Briefly, 0.5 mg ml-l of isometamidium was dissolved in 1.0 m1 of concentrated HC1 (diluted with 2.0 m1 of distilled water) and 1.0 m1 of a 8 mg ml-' solution of sodium nitrite was added to the isometamidium-HC1 mixture and placed at 4OC for 10 min. After 10 min, the isometamidium-HC1 solution was added to porcine thyroglobulin (Sigma, St. Louis, Missouri, USA) dissolved in 200 mM of phosphate buffer (pH 7.0) and incubated for 2 h at 4'C; the final ratio was 0.25 (w/w) of isometarnidium:porcine thyroglobulin. The conjugate was dialysed for 24 h against 5 % acetic acid, and used as an antigen to prepare anti-isometamidium
Resale of full article not permitted antibodies. The same procedure was used to prepare an isometamidium-ovalbumin conjugate with a ratio of 0.025 (w/w) of ovalbumin. This conjugate was used to coat the surface of polystyrene plates in the antigencapture ELISA test (see below).
Integrity of isometamidium-porcine thyroglobulin (or ovalbumin) conjugate (see Philips et al. 1967) . A 100 p1 sample of a 1 mg ml-' solution of isometamidium (n = 10) or isometamidium-porcine thyroglobulin conjugate (n = 10), diluted to a final volume of 4.0 ml, was added to glass-stoppered bottles each containing 2.0 g of NaCl. Controls (n = 10) consisted of 100 p1 of saline diluted to 4.0 ml. Ether (25.0 ml) and 30% NaOH (1.0 ml) were quickly added to the stoppered bottles. The bottles were shaken mechanically for 10 min and ether extract (20.0 ml) was removed and added to glass-stoppered bottles containing 4.0 m1 of 0.1 M acetate buffer (pH 4.7). The bottles were shaken for 10 min and the absorbance of the buffer layer was read at 380 nm using a spectrophotometer. An analysis of variance (ANOVA) ( p 2 0.05) was used to determine significant differences in the absorption of isometamidium, isometamidium-porcine thyroglobulin conjugate and controls.
Production of anti-isometamidium antibodies. Antiisometamidium antibodies were prepared using the following injection schedule. Pre-immune blood samples (0.5 m1 fish-') were taken from 10 adult rainbow trout Oncorhynchus mykiss (527.34 k 35.62 g). An emulsion of the conjugate and Freund's complete adjuvant ( 1 : l ) were injected at 2 sites intramuscularly (i.m.) such that the final concentration of conjugate was 2.5 mg. At 4 d after the first injection, the conjugate and Freund's incomplete adjuvant were injected at 2 sites i.m. such that the final concentration of adjuvant was 1.5 mg. The procedure was repeated on Day 7 (650 1-19 conjugate in Freund's incomplete adjuvant at 1 site i.m.) and Day l 1 (650 pg conjugate in Freund's incomplete adjuvant at 1 site i.m.). At 28 d after the start of the immunization procedure 0.5 m1 of blood was withdrawn from the caudal vein of each fish and was used as the primary immune plasma. A week later fish were injected i.m, with 650 pg of conjugate in Freund's incomplete adjuvant. Three days later 0.5 m1 of blood was withdrawn as the second immune plasma. At 42 d, fish were injected with 650 pg of conjugate only (adjusted to the appropriate concentration with saline), exsanguinated 7 d later, and all the blood was collected.
Purification of anti-isometamidium antibody (Smith 1992) . Antibodies from immune plasma were purified using Anion Exchange Chromatography on Diethylamino-ethyl (DEAE) Cellulose with a Bio-Rad Serum IgG Purification f i t and Econo-Pac Serum IgG Purification Column (Bio-Rad Laboratories Ltd, Mississauga, Ontario, Canada). Briefly, 5.0 m1 of gel slurry was suspended in 25.0 m1 of phosphate buffered saline (PBS = -0.1 M, 0.85% NaC1, pH 7.2). The gel slurry was poured into the column and equilibrated with 25.0 m1 of PBS (pH 7.2) by opening the stop-cock and allowing the buffer to drip out at a dropwise rate until it was approximately 0.5 cm from the top of the gel. The column was washed twice with 5.0 m1 of PBS and the eluted solution was discarded. A volume of antiisometamidium plasma (3.0 ml) tvas added to the column and allowed to drip until it was approximately 0.5 cm from the top of the gel. PBS (10.0 rnl) was added to the column and the eluted solution was collected. The procedure was repeated until all the plasma had passed through the column. The protein concentration of the eluted volume was determined using the method of Bradford (1976) . The IgG fraction was equilibrated in PBS by dialysis at 4°C for 24 h with a change of PBS every 2 h. Anti-porcine thyroglobulin activity was removed from the antibody preparation by preadsorption with porcine thyroglobulin (650 pg d-' in PBS and Tween 20). The volume of PBS in the IgG fraction was reduced on a bed of polyethyleneglycol (PEG) until approximately 1.0 m1 and the IgG concentrated using Centricon@ centrifugal concentrators equipped with an anisotropic membrane. The protein in the sample was determined (Bradford 1976) .
Immunoelectrophoresis to identify the purified immunoglobulin. A buffer system (for electrode vessel and gel) of 0.02 M barbituric acid, 0.07 M tris base (pH 8.6) and 0.03 M calcium lactate was used. The gel (1 % W/V) was boiled in buffer until all the agarose was dissolved and 9.0 m1 was poured onto the hydrophilic side of a 5 X 10 cm gel bond film. After it had solidified, antigen wells and antibody troughs were punched and the agarose was removed from the sample wells but not from antibody troughs. The wells were filled with the punfied antibody and a tracking dye (Bromophenol Blue). The gel was electrophoresed at 100 V (10 V cm-') until the dye was 30 mm from the sample well. The agar was removed from the antibody troughs and filled with plasma from the preimmune bleeding and isometamidium-spiked rainbow trout plasma. The gel was placed in a humid chamber for 24 h at 37°C for the precipitating arcs to develop and was then washed, pressed and stained according to Oudin (1980) .
Optimization of solid-phase antigen concentration (Munoz et al. 1986).
The wells of a 96-well microtitre plate were coated with either 0.1 mg d-' of anti-isometamidium antibodies or an isometamidium-ovalbumin conjugate at dilutions of 1:10, 1:100, 1:1000, 1:3000 and 1:5000 and pH 7.0, 7.3, 8.0, 8.5, 9 .0 and 9.6. Controls were at 1:10, 1:100, 1:1000, 1:3000, 1:5000 and no absorbance was not detected. The o~t i -I Coniuaate at 37°C for 2 h Undiluteda 3.628 r 0.080~ 3.840 + 0.094 1 dilution of a 0.1 mg ml-l solution of horseradish perdard curve with concentrations of isometamidium plotoxidase (HRP) dissolved in PBS. After discarding the ted against the absorbance of the samples. Optical antigens the plates were washed once with PBS and density values of samples with less than 3 standard 100 p1 well-' of a 0.1 mg ml-' solution of HRP was disdeviations of the mean of nai've plasma were considpensed into the wells. After 3 h at 37°C supernatants ered negative. were discarded and the plates were washed 3 times with Tween-PBS and once with PBS. The substrate (100 p1 of p-nitrophenylphosphate) was added to each RESULTS well in the plates. After 20 min in a shaker the reaction was stopped with 2.0 M sulphuric acid (50 p1 well-')
The integrity of the isometamidium conjugates was and the optical density was read at 600 nm. The antiassessed by comparing the absorbance of the congen with the lowest optical density values indicated jugates to that of isometamidium. A significant difoptimal binding to polystyrene plates and was used in ference (p = 0.8245) was not detected in the mean the ELISA.
absorbance of isometamidium (0.763 + 0.005) and the Antigen-capture enzyme-linked immunosorbent isometamidium-porcine thyroglobulin (0.7635 -1-0.006) assay. The wells of a 96-well microtitre plate were or ovalbumin conjugate (0.7637 * 0.004). Significant coated with 50 p1 of a 1:1000 dilution of anti-isodifferences (p = 0.0001) were detected between the metamidium antibodies in carbonate-bicarbonate coatabsorbance of isometamidium or the conjugates and ing buffer, pH 7.3. Plates were placed at 37OC for 2 h absorbance of controls (0.0144 * 0.004).
and washed twice in Tris-buffered saline (TBS) and
The purified trout immunoglobulin reacted with isoTween-Tris buffered saline (TTBS). Vacant sites in the metamidium in trout plasma. Four precipitin lines were wells were blocked with 200 p1 of 5 % skim milk in TBS formed with isometamidium-spiked rainbow trout for 1 h at 37°C and washed as above. Test samples plasma but not with plasma from the pre-immune (50 1. 11; fish plasma or saline spiked with 2-fold dilutions blood sample. of a stock solution of 5.0 mg ml-' of isometamidium) Polystyrene plates were coated with different conwere added to wells and placed at 37OC for 2 h. Negacentrations of anti-isometamidium antibodies or an isotive controls were 2-fold dilutions of fish plasma in metamidium-ovalbumin conjugate at neutral to highly PBS, wells containing no antigen, wells containing no alkaline pH and the non-coated surface sites were anti-isometamidium antibody and wells containing no detected by peroxidase saturation. For both isometagoat anti-trout immunoglobulin. Plates were washed midium-ovalbumin conjugate ( Table 1 ) and anti-isoand 50 p1 of a 1:1000 dilution of anti-isometamidium metamidium antibodies (Table 2) , peroxidase absorpantibodies (in 3 % skim milk in TBS) was again added tion (non-occupied active sites) decreased with an to each well, incubated at 37°C for 2 h and washed. A increase in antigen concentration. The conjugate had 1:1000 dilution of affinity purified peroxidase labelled greater binding affinity than HRP for polystyrene at goat anti-trout immunoglobulin (Kirkegaard and Perry neutral pH and at 37OC. Less binding of the conjugate Laboratories, Burlington, Ontario, Canada) was added was achieved at pH 9.6 at 4°C compared to the conjuto each well and incubated at 37°C for 1 h. Plates gate at the same pH, but at 37°C (Table 1 ). In addition, were washed and the substrate (50 p1 of 282'-azin0-di-[3-ethy1-benzthlaz01ine reached at a concentration of 1.2 mg ml-l (Fig. 1 ). There were no significant differences between isometamidurnspiked plasma and nai've plasma (p = 0.0843) at less than 0.6 ng ml-' of drug. A significant difference was not detected between the optical density values of isometamidium-spiked plasma and isometamidium-spiked saline at concentrations between 5.0 mg ml-' and 0.05 mg ml-l (Fig. 2) . At concentrations less than 0.05 mg ml-l, isometarnidium diluted with saline could not be detected using the ELISA.
the anti-isometamidium antibody had a greater affinity for polystyrene than HRP at 37°C and pH 7.0. Less binding of antibodies occurred at lower temperatures and in alkaline pH ( Table 2) . The same experimental procedure was used to determine the optimum solid phase antigen concentrations of anti-isometamidium antibodies. A 1 : 10 dilution of antibodies at pH 7.3 was optimum for plate coating and less binding occurred at more alkaline pH (Table 3) . A significant difference was not detected between the mean absorbance of 1:10, 1:100 (p = 0.8564) or 1:1000 (p = 0. 5842) dilutions of antibodies. Differences were detected between 1:3000 (p = 0.0487) and 1:5000 (p = 0.0312) dilutions. To conserve anti-isometamidium antibodies, a 1:1000 dilution was used in the antigen capture ELISA.
The ELISA detected isometamidium in plasma to a concentration of 0.6 ng ml-l. The optical density values decreased with decreasing concentrations of isometamidium and peaked at a concentration of 1 . 2 mg ml-l. There was a sharp decline in the optical density values
DISCUSSION
The nature of the binding of antigen to polystyrene plates is not well understood. Antigen binding depends on the nature of the antigen, antigen concentration, temperature, time of incubation and pH of the coating buffer (Venkatesan & Wakelin 1993) . In the present study the greatest binding affinity of both antigens for polystyrene occurred at neutral pH, high temperatures and short incubation times. Several factors may account for these differences. Commonly, if coating is carried out at 4OC, the cooler outer wells in the plate may bind less antigen than the inner wells and produce an 'edge effect' which will affect subsequent stages of the ELISA technique. The longer incubation time (16 h) may lead to overcrowding and concealment of epitopes and consequently antibody binding is diminished.
The usual method to determine the optimal antigen concentration is to use immune serum and proceed with the ELISA. It is generally assumed that the opti- protein was present to bind to surface and immunoelectrophoresis confirmed isometamidium-specific antibodies in fish plasma. The affinity of the conjugate for plates may be improved by increasing the concentration of protein in the onginal conjugate, and this decreases the amount of antigen lost during washing. Two other assays have been developed for the detection of isometamidium in the sera of cattle (Whitelaw et al. 1991 , Eisler et al. 1993 ). Both of these assays were presumed to be more sensitive and required less sample, however they did not have a blocking step in the ELISA. Perhaps their higher 'sensitivity' may be due to they some did nonspecific not have a block binding step. because There are 2 approaches to minimize nonspecific binding; one is to wash thor- The that Wakelin 1993). Our results of the peroxidase saturation technique revealed mum antigen concentration for coating ELISA plates little binding of isometamidium-ovalbumin conjugate is the one needed to obtain the maximum optical denfor polystyrene plates. If binding of the conjugate did sity reading with a control antibody sample (chequernot occur and a blocking step was not employed, many board titration). However, this method does not take into account the influaffected by the diazotization reaction dilution factor indicated by the x-axis are as follows: 164 = 0.078; 1:4 = 1.25; 1 = 5.0 0.450 ence of avidity (Mulioz et al. 1986 Thus, the opticaI density value of the test sample might have included the anti-immunoglobulin enzyme conjugate binding nonspecifically to vacant sites in the plastic wells. Philips et al. (1967) showed that isometamidium is strongly bound by polyanionic macromolecules such as nucleic acids, mucopolysaccharides and serum albumin. The binding of the drug to albumin may explain the sensitivity of the ELISA when isometamidium was diluted in plasma, but not in saline. The present ELISA detected 0.0006 mg ml-' when isometamidium was diluted in plasma but only detected 0.05 mg ml-' when diluted in saline. The drug is a low molecular weight compound (MW = 531.5) and a protein conjugate is required to stimulate trout to produce antibodies against it. It is likely that the drug is detectable at low concentrations in plasma because the albumin binds to it as a protein conjugate, thus producing a larger molecule for the anti-isometamidium antibody. When diluted in saline the drug is only detectable at a higher concentration because of its small size.
Chemotherapy against salmonid cryptobiosis is often necessary, as about 50 to 60% of Oncorhynchus tshawytscha broodstock in a Washington State hatchery die from the disease annually (L. Peck pers. comm. 1994), and there was a n outbreak of the disease which occurred in 1997 in pre-harvest salmon in sea cages off Vancouver Island, British Columbia (S. Saksida pers. comm.). Also, the drug may be effective against other fish diseases and the ELISA technique would be useful to monitor isometamidium in the blood of treated fish.
